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To all whom it may concern: o

Be it known that I, Max A, Wurrixg, a
citizen .of the United States, residing at
Schenectady, county of Schenectady, State
of New York, have invented certain new
and useful Improvements in Motor-Control

. Systems, of which the following is a specifi-

cation.

This -invention relates to the control of
electric motors and has for its object the
provision of means whereby an eleetric mo-
tor may. be started, stopped and generally
controlled in a reliable and efficient manner
while at the same time it is protected against
the occurrence of abnermal circuit condi-
tiong either during starting and normal

. running, or while the apparatus is in an in-
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operative condition. ,

My invention relates more specifically to
the. provision of means whereby protection
against the ocowrrence. of overioad condi-
tions is afforded to an electric motor and its

‘control apparatus.

In the starting of eleciric motors by the
nse of successively actuating contactors for
cutting out starting resistance under the con-
trol of a master controller, it is common to
employ a circuit breaker which will open
upon the occurrence of abnormal civenit con-
ditions. The arrangement is usually such
that when the circuit breaker is opened it
will automatically close or reset only when
the master controller is returned to off po-
sition. - When the master controller is in
the off position and the line switches are left
closed one side of the line is still closed at
the circuit breaker although the motor ciy-

“cuit is open. Under these conditions a dan-

gerous short cjreuit may be caused by
grounding of the wirin%. .

One of the objects of my invention is to
provide means whereby upon the occurrence
of such conditions the circuit breaker will
open and remain open until the operator
moves the master controller to stari the
motor. '

In carrying out my invention I empioy a
circuit breaker which is electromagnetically
closed upon the closing of one of the con-
tactors for starting the motor, preferably
the first contactor of the series. An over-
lead relay having an overload eoil on each
side of the line is provided which opens the
cireuit breaker upon the occurrence of an
overload upon the circuit and can oniy be

closed by returning the master controller to
i ii

off position. It is not suflicient, therefore,
to sunply return the master controller to off
position in order to close the circuit breaker,
but a further slep, must be taken, nataely,
the master controiler must be moved to op-
erative position so as to close one of the cou-
tactors, since the circuit breaker can only be
closed npor the closing of such contactor.
By this arrangement the cireuit breaker will
not’ ordinarily open when the master con-
trollerismoved to off position butif an over-
load should occur at that time the circuit
breaker will open so as to completely cut off
the motor from the line, and the cirenit
breaker cannot be again closed until the
overload is removed and the master con-
troller is moved ,io close cne of the con-
tactors,

Other objects and purposes of my inven-
tion will appear in the course of the £ollow-
ing specification in which I have disclosed
my invention embddied in conerete form for
purposes of illustration.

Referring to the accompanying drawing
illustrating my invention, A represents the
armabure and F the fgld of an electric mo-
tor to be controlled.. Ihave shown this mo-
tor of the series tvpe for purposes of illus-
tration, although it is cbvious that my in-
vention is in no sense limited to this type of
motor, B, B/ aud R® represent three sec-
tions of resistance for starting this motor
by being successively cut out of civénit.

7 and f* vepresent two line contactors for
clesing the motor cireuit for operating in
the forward direction and » and #” yepresent
two lue contactors for clesing the mofor
cirenit for- operating in the reverse direc-
tion. The master confroller MC ig avranged
to control these contactors so that when
turned to the left into the position f, the
contactors f and f° will be energized and
when turned to the right into the position »,
the contactors » and # will be energized.

A series of contactors 10, 11 and 12 ave
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-provided for automatically cutting out the

sectiong of resistance B, R’ and R® When
the contactors f and 7 ave closed, for in-
stance, the current will pass from the posi-
tive side of the line through the switch S
through one of the overload ceils 13 here-
inafter referred to, through the contact of
the contactor f, conductor 14, armature A,
resistance R%, R, through the winding of
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the contactor 10, resistance R. through con-

tacts of the contactors 7', conductor 15, field

¥, through the contacts of the circuit breaker

OB, hereinafter referred to, and back to
5 line through the other overload coil 13. The
contactors 10, 11 and 12 are represented
here as of the series type disclosed in the
Murphy application, Serial No. 608,652, the
characteristic feature of which is that the
contactors do not close when the eurrent is
high, but do close when the current drops
to a predetermined value. Upon the rush of
current due to the closing of the motor cur-
cuit. therefore the contactor 10 will not be
Josed until the current is reduced by the
speeding up of the motor armature and then
the contactor 10 will close and short eircuit
the section of resistamce R’ through the
winding of contactor 11. In like manner
the sections of resistance R and R? will be
sucessively cut out of circuit. -"The opera-
tion of these contactors forms no part of my
invention and it is sufficient therefore to say
that when the motor is up to running speed
he yresistance sections are all cut out and the
contactors 10 and 11 are opened leaving only
the contacisof contactor 12 closed with the
winding of this contactor in gories with the
contacts.

‘As thus far described the arrangement is
of the type now well known and operates in
s well known manner. In order, however,
to open the motor circuit upon the occur-
rence of an overload I have provided a civ-
cuit breaker CB. This cireuit breaker as
chown is of the contacter type and is closed
- the winding 16 just the same as the ordi-
navy contactor. Tt will-be noted that the
winding of the i i
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civenit brealer will be ener-
gized only through the inteslocking contacts
17 or 18 wpon the line contactors 7 and
respectively. In order that these line con-
tactc s shall close it is fivst necessarvy that
the overload relay O shall be closed or “set”.
This overlond welay as illustrated in the
drawing consists of a triple pole switch hav-
ing the stationary contacts 19, 20 and 21,
wo of which, 18 and 20, are in engagement
with the movable s tch arms when the ve-
lay is closed, while the latter contact 21 is
iu engagement with its movable switch arm
when bhe relay is open. Therelay is closed by
the coil 22 which 13 shown conventionaily m
the drawing as having a plunger 23 which
rises when its coil is energized so as fo en-
gage the projection 24 and move the over-
Tond coil to closed position, at the same
_time breaking the circuit of the winding 22
at the contact 21. When either or both of
e overload coils 13 is energized above a
sredetermined value, the operating mecha-
sm, shown conventionally as consisting of
a rod 25 having upon it the course for the
coils 13 is so arranged that when it rises 1t
engages o projeciion 26, which vioves the
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relay to open positicn as shown in the draw-

ing. The specific construction of this relay.

forms no part of my invention and it is to be
understood that it is shown merely in a
diagrammatic way for purposes of illus-
tration. As illustrated, the relay contacts
are not moved throughout their range of
movement by the cotl but are moved by the
weight 27 which carries the switch to proper
position in either direction after it has been
moved over center by the plungers of the
coils, : ,

The arrangement of circuits and mode of
operation of my device are as follows: As-
suming that the parts are fin the position
shown in the drawing and the line switch S
is closed, the actuating winding 22 of the
overload relay will immediately be ener-
gized, the circuit being from the positive
side of the line, through the wire 29, through
the contacts of the master controller, which
is in the off position, wire 28, contact 21 and
coil 29 to the negative side of the line. This
will move the relay to the closed or “set”
position and dedrergize the actuating eoil
99. If now the master controller is moved

in either direction, as, for instance, into

the position f, for forward movement, the
contactors f and f* will be closed as

described. ~The closing of the contactor f
completes a circuit through the actuating
winding 16 of the circuit breaker CB, the
civenit being as follows: From the positive
side of the line to the centact 19 of the over-
load relay, thence through wire 28-to the
master- controller, wire 380, interlock 18,
winding 16, to the other side of the line.
The cireuit breaker now closes and the motor
will start and come up to running speed by
cutting out sections of starting resistance as
above deseribed. Tn like manver, if the
master controller is moved to the reverse po-
sition 7, the contactors ¢ and 7’ will be
closed to start the motor in the reverse di-
roction. - The circuit breaker will then be
closed through the interleck 17 on the con-
tactor #/. 1f, now, during normal running,
an overload occurs on the line the overioad
relay will be moved to the position shown in
the drawing,  thereby opening the cirenit
breaker and the line contactors and stop-
ping the motor. In order to again start the
motor the master controller must be brought
back to the off position as it is only in this
position that the winding 22 can be ener-
gized to again close or reset the overtcad re-
lay. Assurae, however, that while the motor
is normally running the master controller is
moved back to the off position with the over-
load relay in its clesed position, since no
overload has ocenired to open it. Whevu the
master controller is moved to off position the
line contactors which happen to be closed
w11l be opened since the circuits of their en-
ergizing windings will be opened at the con-
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tacts of the master controller. The eiveuit
breaker. however. is not ‘opened.

Tt will be noted that while the actuating
circuit of the circuit breaker passes through
the interlocks on the line contactors, there 1s
a maintaining cireuit for the civenit brealker
which is closed at the interiock 31 on the cir-
cuit breaker, this maintaining cireuit being
as follows: From the positive side of the
line, through the contact 19 of the overload
relay, contact 20. wire 32, interlock 31, wind-
ing 18 of the circuit breaker, back to the
other side of the line. The cirenit breaker
will therefore remain closed as long as the
overload relay is in its closed position.
While the motor is stopped so long as the
switch 8 is closed, there is danger of over-
load occurring due to grounds or other causes,
since only one sidc of the line is opened. If

such an overload should oceur, the overload |

relay will be moved to open position, thereby
opening the circuit breaker and completely
cutting off the motor. Furthermore, the
return of normal conditions is not safficient
to close the circuit hreaker although it will
close the overload relay. In order to close
the circuit breaker 1t 1s necessary that the
master controller be moved to operative po-
sition so_as to close one of the line con-
tactors f” or #' since the circuit breaker can
only be closed through ene of the interlocks
17 and 18 on these contacters. This insures
that upon the appearance of such an over-
load .the civeuit . breaker will immediately
open and will not close again-until the oper-
ator arrives to remove the cause of the
trouble and start the motor. .

While T have deseribed my invention as
embodied in concrete form and as operating
in a specific manner in accordance with the
provisions of the patent statutes, it should be
nnderstood that T do not limit my invention
to the specific arrangément herein dizclosed
since various modifications thereof will sug-
gest themselves to thosé skiiled in the art
without departing from the spirit of my in-
vention, the scope of which is set forth in
the annexed claims.

What I claim as new and desirve to secuve
by Letters Patent of the United States, is:

1. The combination with an electric mo-

tor, of a controller therefor, an overload re-

lay having an actuating coil on each side of
the supply circuit and arranged. to close in
the off position of said controlier, and a cir-
cuit b.ealer electromagnetically closed upon
the movement of the controller to operative
position and controlled by said relay.

'

8

2. The combination with an electric mo-
tor. of a controller therefor, an overload re-
lay having an overload coil on each side of
the supply cireuit arranged to be electro-
magnetically closed in the off position of
said controller, a cirenit breaker having an
actuating winding which is energized upon
the movement of the controller to operative
position, and a maintaining elreuit con-
trolled by said relay.

3. The combination with an electric mo-
tor, of a controller therefor, an overload re-
lay arranged to be closed in the off position
of said controller, and a circuit breaker hav-
ing an actnating circuit which is energized
upon the movement of the controller to oper-
ative position, and & maintaining cireuit con-
trolled by said relay. . '

4. The combination with an electric mo-
tor, of a contactor for controlling the cir-
cnit thereof, & master controller therefor, an
overload relay arranged to be closed in the
off position of the master controller for con-
trolling the circuit of said contactor, and a
cireuit breaker having an actuating cireuit
which is energized upen the closing of said
contactor and a maintaining ecircuit con-
trolled by said relay.

5. The combination with an electric mo-
tor, of a plurality of consecutively operat-
ing contactors for controlling the circuit
thereof, a master controller therefor, an
overload relay arranged to be closed in the
off position of said master controller for
controlling the operation of said contactors,
and a cireuit breaker having an actuating

circuit which is energized upon the closing

of thé first of the contactors, and a main-
taining circuit controlled by said relay.

6. The combination with an electric mo-
tor, of a plurality of consecutively operating
contactors for controlling the cireuit there-
of, a master controller therefor, an overload
relay having an overload coil-on each side
of the supply cireuit, electromagnetic means
for closing the said relay in the off position
of the master controller to control the oper-
ation of the said contactors and a cirenit
breaker having an actuating “ircuit which
is energized upon the closing of the first of
said contactors, and a maintaining circuit
controlled by said relay. :

In witness whereof, I have heéreunto set
my hand this 16th day of Jarmary, 1918.

MAX A, WHITING.

Witnesses:

Brxyasux B Howg,
Heurew Orrorn,
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